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(54) Polysulfone copolymer membranes and process 

(57) A porous membrane, such as a microporous or 
ultrafiltration membrane, is formed from a solution of a 
polysulfone and a free radical polymerizable monomer 
exposed to ultraviolet light to form a blend of the polysul- 
fone and copolymers of polysulfone activation products 
and polymerized monomer having polymer segments 
covalently bonded to each other. The solution is sepa- 
rated into two phases including a porous solid phase 
comprising the membrane. 
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Description 

BACKGROUND OF T H E INVENTION 

alentlv brSt" formed * copolymer compositions having polymer segments cov- 

alently bonded to each other and to a process for producing membranes. More particularly this invention relates to 

IZSnT T ° f PO,ySU ' ,0nS C0PO ' ymer COmpOSiti ° n se 9 me " te Gently ^ JSS^e3?3,S 

wherein the copolymer is present throughout the membrane solid matrix 

Poro "s Polymer structures are generally classified according to their effective pore size or according to their reten- 
tMty ua. the sees of particles that are not able to pass through the pores of the porous polymeric st ucture Thuffor 
example, the structures used as filters are classified as uftraf ilters if they retain dissolved matteS anions Steins 
vruses or macromo.ecules, while they are classified as microporous structures if they pass dissoS* matte^and rSn 
2252^ f T H Th6diVidin9 ' ine b6tWeen "*»»»*« struct ^ s ^ ultrafi.ters in term! £ 

■ 9eneraMy ^ 39reed t0 ^ 80 3Vera9e POre Si2e Detween *«* 0 0 °5 and about 0 05 

micrometers. A m,croporous structure typically has an average pore size between about 0.05 and about 10 nSome- 

m .rH°? U \ merrbra T S Can be described as a P° re volum e and a solid matrix separated by a pore wall Porous poly- 
meric structures used as membrane fitters have also been classified according to a pore size difference at their So sur- 
faces ,.e„ as isotropic or symmetric when the two surfaces have similar pore size, and anisotropic or asymmeSnen 

h h haVS d,ff6rent P ° re Si2es - Porous «*«**•■ ^ also been classified « or 

hydrophobe. When the hydrophilic structures are brought into contact with water, they will spontaneously w^ 7f wate 
will dsplace the a,r from the pores of the structure without the application of any external force. On the tthe hand a 
positive pressure ,s req U1 red to intrude water into the pores of hydrophobic structures to displace the air 
th.ir ° ne <P°'y su J f °ne. polyethersulfone or polyphenysulfone) membranes are widely used because of 

hZ T«? h ^ SS ' ^ ChemiCa ' and therma ' "** with th6Se advantages, polysulfone membrJni 

have certain disadvantages, related to their surface properties. The hydrophobic nature of polysulfones cauTeTSstf 
permeation properties when these membranes are used to filter protein solutions, colloidal in con 

SSK 1 waste n r inQ ° HS - AIS0 ' in ^ * ^ been demonstrated that a porTs memSane wTa 

charged surface will have better performance than an uncharged polysulfone membrane. Thus a mafrf^^fone 

JntseT^es.' 5 hydr ° PhODiC ° f P ° ,ySUtf ° neS inCr6aS6 application S ule" 

Much effort has gone into modifying the pore surface of pre-formed membranes. When macromolecular sub- 
stances are used, this can result in change of pore properties, particularly a loss of flow. prtcSJE! ^SISLSL 
having smaH average pore size. When heterogeneous chemical modification is used, a compHcated reaSo^me^ 
requir^which can change membrane structure and properties such as mechanical 
more, these schemes .ncrease the complexity of the manufacturing process 

Codissolved pairs of polymers are sometimes used to change the properties of the final membrane but this 
approach is limited to soluble compatible pairs. merrorane. out this 

a w^L°^ OPOlymerS , are USefU ' DeCauSe 1,16 P r °P ertie s the blocks of each polymer are maintained. It is common for 
Sc?C^Tu r rH^ri 9 'r tr r i,i ° n corresponding to the glass transition temperature of each 

polymer block. Furthermore, block copolymers can be made of incompatible polymers and still have useful indeed even 
mproved properties, while Wends of the same polymers would have poor properties, if they could eve The 'mad *i£ 

« SIS * y SeQmentS an ° deleterious effects of Phase separation into relatively large domains is 

a coo^o" 16 ^ 0 ^ 0 * maWn9 Vari ° US typ8S of microP«ous polysulfones membranes are described in U S Pat Nos 

U S Pat nH 4^H U S h Pat 4>629 ' 563 deSCribGS hi9h,y aSymmeWc P°* SU,fone microporous menSanel: 
U.S. Pat. No. 4.900.449 describes symmetric porous membranes made of blends of polyethersulfone and a hvdroohMfc 
polymer to form a hydrophilic membrane. U.S. Pat. No. 5.076,925 describes micro^rous 1^2! 

asformed. but a post-treatment procedure allows removal of the hydrophilic polymer to render the membranes h^ro- 

At the present time, polysulfone grafted membranes are prepared by modifying the pore wall surface of a solid 
polysuffone membrane with a polymerizable monomer to form a graft only on the membrane^e waTsurface T^e 
remaimng portion of the membrane comprises unmodified polysuffone polymer. U.S. S£s« £m TdSJi 
Membrane Science. 105(1995). p. 237-247 and Journal of Membrane Science. 105 (1995. p ISSS!S£SZ£ 
2 . P ° lysuHone membranes having a hydrophilic vinyl monomer chemically grafted to their we ^11 suSceT^n 
unmodrfied membrane is contacted with a solution of the monomer and is expLed to JZZS%£ eS Joto- 
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chemical grafting in the absence of a sensitizer or a free radical initiator. The monomers utilized function to render only 
the polysulfone membrane pore wall surface hydrophilic. The remaining portion of the membrane solid matrix com- 
prises unmodified polysulfone. These surface-modified membranes are not rewettable after they have been dried and, 
if dried, lose significant permeability. Therefore it is necessary to maintain the membrane surfaces wet prior to use. 
5 Japanese Pat. No. JP-A-2-59029, published February 28, 1990, discloses a process for modifying a polysulfone 

porous membrane on its pore wall surface only with a polymerizable monomer by immersing the membrane in the mon- 
omer solution and irradiating the solution with ultraviolet light. The process is conducted under conditions such that any 
solvent used in the process does not dissolve the polysulfone membrane. As a result of the process, only the pore wall 
surface of the porous membrane is modified to render it hydrophilic when hydrophilic polymerizable monomers are uti- 
le lized in the process. As is the case with the modified polymers disclosed in U.S. Pat. No. 5,468,390, the modified mem- 
brane surfaces cannot be dried without a serious loss of permeability. 

U.S. Patent 5,480,554 claims a polysulfone membrane that can be dried without loss of retention properties. This 
membrane is hydrophobic and requires an alcohol treatment to maintain ultrafiltration properties. 

Accordingly, it would be desirable to provide modified polysulfone membranes which are moditied through out their 
75 solid matrix thickness. In addition, it would be desirable to provide such modified polysulfone membranes which can be 
dried without adversely affecting membrane permeability. Furthermore, it would be desirable to provide such a mem- 
brane which is wettable directly with water without the need for humectants such as glycerine or an alcohol treatment 
after being dried. In addition, it would be desirable to provide a process for forming such membranes which can be mod- 
ified with a wide variety of polymerizable monomers to produce membranes formed of a polysulfone copolymer compo- 
} 20 sition having polymer segments covalently bonded. 

SUMMARY OF THE INVENTION 

The present invention provides membranes formed of a polysulfone copolymer composition having polymer seg- 
25 ments covalently bonded throughout the thicknesses of the membrane solid matrix. These membranes are produced 
from a composition which, in turn, is produced by a solution polymerization process. In the solution polymerization proc- 
ess, a solution of an ultraviolet light activatable polysulfone is dissolved together with a polymerizable monomer in a sol- 
vent. The polymerizable monomer is a free radical polymerizable monomer which is block copolymerized with the 
ultraviolet light activated polysulfone to form a composition having polymer segments covalently bonded. 
30 The solution of the polysulfone and the polymerizable monomer is exposed to ultraviolet light to activate at least a 
portion of the polysulfone thereby forming radicals which then initiate the polymerizable monomer to form graft copoly- 
mers of the polysulfone and the polymerized monomer. A porous polymeric structure is formed from the solution con- 
taining the copolymer composition by effecting phase separation of the polymer solution. Phase separation can be 
effected by vapor-induced separation, liquid induced phase separation or thermally induced phase separation. The 
35 solid matrix of the porous polymeric structure comprises a blend of unreacted polysulfone and the copolymer composi- 
tion. 

In an optional embodiment of this invention, the unreacted polysulfone and the copolymer composition product can 
be separated such as by selective extraction in a solvent which is a solvent for either the polysulfone or the copolymer 
composition and not for the other of the polysulfone or the copolymer composition. The copolymer composition is recov- 
) 40 ered and a solution of the composition copolymer is subjected to phase separation to form a porous membrane. This 
membrane comprises the copolymer composition throughout its solid matrix. Membranes made by these methods can 
be treated by soaking in water at elevated temperatures or atmospheric or elevated pressure to stabilize the structure. 
In either embodiment, the resultant porous structure then can be dried without adversely effecting its porous structure. 
In addition, in either embodiment, the porous structure can be rewet directly with water without the need for an addi- 
45 tional wetting agent, as desired. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

In accordance with the present invention, a solution of a sulfone polymer and a free radical polymerizable monomer 
so is formed with a solvent which dissolves both the polymer and the monomer. The solution then is exposed to ultraviolet 
light under an atmosphere which is non-reactive with the activated solution such as an inert gas or nitrogen. It is pre- 
ferred to utilize a source of ultraviolet light having a wavelength between about 290 and about 400 in order to avoid 
excessive degradation of the sulfone polymer. Upon exposure to the ultraviolet light, the sulfone polymer is activated to 
form polymeric subunits containing free radicals. The extent to which the free radicals are formed is dependent upon 
55 both the wavelength of the ultraviolet light the time to which the solution is exposed to the ultraviolet light and solution 
properties dependent upon the type of solvent used and the concentration of reactants. However, exposure conditions 
are controlled so that at least a portion of the dissolved sulfone polymer is activated to form the free radicals. Generally, 
exposure of the solution to ultraviolet light is conducted between about 0. 1 and about 600 seconds, preferably between 
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-[Ar r S0 2 -Ar 2 -X-Ar 3 -Y n -] 

io where: 

Ar 1 and Ar 2 may be the same or different and are : 1 ,4-phenylene 1 3-Dhenvlenp i ? nhonwi««* >. • ^ u , 
1.4-naphthylene, 3-chloro-1 , 4-phenylene or, 4,4^iphenyleS Ph6ny,ene ' ^"V^* 4,4-b,phenylene, 
X is oxygen, sulfur, nitrogen or methylene 
'5 Y is oxygen, sulfur, nitrogen or methylene 

Ar 3 can be the same or different than Ai^ and Ar 2 as well or can be: 
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and copolymers thereof. In addition, the polysulfone polymer or copolymers thereof can be chemically modified 
such as with sulfonate groups. Furthermore, blends of a polysulfone polymer or copolymer thereof and a nonreac- 
tive polymer such as polyvinylpyrrolidone or polyethylene oxide can be utilized. 

Representative suitable free radical polymerizable monomers include hydrophilic monomers including vinyl mono- 
mers, including 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 3-hydroxypropyl acrylate. 2-hydroxyethyl rnethacr- 
ylate, 2,3-dihydroxpropylacrylate, acrylamide. vinyl sulfonic acid, vinyl phosphoric acid, 4-styrenesulfonic acid, 
methacrylarnide, N,N-dimethylacrylamide, M.N 1 -methyl enebisacrylamide, ethoxylated methalolpropaneacrylate, glyci- 
dyl acrylate. glycidyl methacrylate, N-methylolacrylamide, acrylic acid, methacrylic acid, methyl methacrylate, N-vinyl 
carbazole. N-vinyl pyrrdidone. dlmethylaminomethacrylate. dimethylaminopropylmethacrylamide methacryloyloxyethyl 
trimethylammnonium chloride.or the like or hydrophobic monomers including N-methylpyrrolidone. vinyl perfluorinated 
monomers, f luorinated styrenes or the like or mixtures thereof. 

Representative suitable solvents which can be utilized in the process of this invention to dissolve the sulfone poly- 
mer and the vinyl monomer include N-methylpyrrolidone, dimethylacetamide (DM AC), dimethylacrytamide (DM AD), 
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components is th en , 8mov(K , and lh6 a^oteiZ ™^„°^1„?£ °' f e phases «"•»»» mow of Hie solvent 
*"™aae. Phase separata* oT£ ^ 

a gas. usualty air, oontaiping mcistore. Ptai^Sf*^ KEitT,? ^ J "* 
herein the solution is contacted rttb a liquid *hicnis a notSi^ w * k|u ' d - n< " ,c;ed P" 35 ' separation 

separation. A third attempt™ method to. «fec*Tpr^pSS £ toiCZ] '° < * CI ^ 

subjected to phase sapatatipn in the manner set forth abc^e B to™ a ™ 5 t71 £, < " vo " lm ' <»"Position is 
formed, comprises copolymer compost mrpu^ SS^S.'SS S nl'*^ Z£T 

The following examples illustrate the present invention and are not intended to limit the same. 



Example 1 
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the mixture is mixed prime AA is SJSId « added 3.5 gram , o< neat ac^lio add (M). and 

wtmsiiiooneg^rp^^'m^^SpnS 

jotojpn «, an argtoh „r ifcp ^^^1"^^^^ 
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immersed in a water bath. The polymer blend is allowed to dry in air and then in an oven at about 80°c to remove all 
water. 

3.1 grams of the polymer blend is treated with 75 grams of methylene chloride (MC), which is an excellent solvent 
for PES. The copolymers of PES are insoluble in MC. The mixture is centrifuged and the copolymer are collected while 
5 the unreacted PES in solution is disposed of as chlorinated waste. The copolymers are dispersed in 20 grams of fresh 
MC, centrifuged and separated as above. This washing procedure was repeated three times. Drying this product gives 
0.398 grams of polyacrylic acid- PES copolymer, which is about a 12.85% yield. As pointed out above, this yield can be 
significantly enhanced by using an inert atmosphere such as argon or nitrogen gas. 

This product is soluble in NMP, but insoluble in water heated to 95° C. Polyacrylic acid is soluble in both NMP and 
w water at 25°C. The infrared spectrum of the starting PES shows no carbonyl absorption. The blend of the ungrafted 
PES and the copolymer displays a prominent carbonyl absorption at 1 750 cm-1 . This carbonyl absorption achieves its 
maximum intensity in the purified copolymer. A membrane is formed from a solution of the product by phase separation 
as set forth above. 

is Example 2 

The procedure of this example was identical to that used to produce polyacrylic acid-PES in Example 1 but substi- 
tuting dimethylaminopropylmethacrylamide for the acrylic acid. Isolation of the copolymer composition in 10% yield 
gave a product insoluble in MC with an infrared spectrum having strong features of both dimethylaminopropylmethacr- 
) 20 ylamide and PES. A membrane is formed from a solution of the copolymer composition by phase separation as set forth 
above. 

Example 3 

25 Five membranes were cast from a solution of 19 parts Amoco A200 polyethersulfone, 17 parts n-butanol, 58 parts 

N-methyl pyrrolidone containing 5% lithium chloride, and 10 parts dimethylarcrylamide monomer. The monomer/poly- 
mer solution was spread out as a thin film using a stainless steel roller with a 5 mil gap onto a borosiiicate glass plate 
which is 1 /1 6th thick. This was covered with another plate of the same type glass fitted with silicone was gaskets to pre- 
vent contact of the solution with the top plate. This entire assembly was transported through a Fustions Systems UV 
30 exposure unit having H bulbs situated above and below the conveyance chamber at a line speed of 5 feet per minute. 
After exposure, the polymer solution was precipitated by contact with a large volume of deionized water. The top plate 
was removed and the glass plate with the polymer solution thin film containing both unreacted PES and PES copolymer 
was immersed in a water bath. After precipitation, the solid membrane was removed from the glass plate and washed 
thoroughly with water. The membranes were then dried at room temperature. 
35 A solvent mixture of 95 grams N-methyl pyrrolidone, 5 grams lithium chloride, and 17.2 grams on n-butanol was 
made. Dried membrane weighing 3.12 grams was dissolved in 1 6.3 grams of the solvent mixture. After complete disso- 
lution, the resultant composition was cast formed into a thin coating and coagulated in room temperature water. The 
membrane was thoroughly washed with water. One half of the sheet was autoclaved in steam at 125°C for 50 minutes. 
Both halves were dried at room temperature. Both membrane sheets wet instantly from the surface that was in contact 
) 40 with the glass plate during casting. The other surface, being the retentive surface wet slower in both cases. 

This example shows that the wetting properties of membranes from the copolymer/polysulfone blend are an inher- 
ent property of the reaction product and are not lost upon dissolving a membrane made from this blend. 

Example 4 

45 

A solution is made dissolving 180g of Amoco A200 polyethersulfone in 590g of N-methylpyrrolidone containing 5% 
lithium chloride. 150g of n-butanol are dissolved in this solution. 

To the above base dope is added 80g of N,N 1 -dimethylacrylamide monomer (DMAD), and the solution is stirred for 
1 hour. 

so The monomer/polymer NMP solution is spread out as a thing film using a stainless steel roller with a 3 mil gap onto 

a borosiiicate glass plate which is 1/1 6th thick. This is covered with another plate of the same type glass fitted with sil- 
icone gaskets to prevent contact of the solution is stirred for 1 hour. 

The monomer/polymer NMP solution is spread out as a thin film using a stainless steel roller with a 3 mil gap onto 
a borosiiicate glass plate which is 1/1 6th thick. This is covered with another plate of the same type glass fitted with sil- 

55 icone gaskets to prevent contact of the solution with the top plate. This entire assembly is transported through a Fusions 
Systems UV exposure unit having H bulbs situated above and below the convenyance chamber at a line speed of 7.5 
fee per minute. 

The glass plates filter out shorter wavelength ultraviolet light and prevent excessive UV photochemical degradation 
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o! rjution ^h? 6 ' b T efiCia l modi " cation of the **** P rocedur * is to replace the ambient atmosphere above the film 
of solution with an tnert gas atmosphere. This will result in a higher yield of the grafted PES 

After exposure, the polymer solution is precipitated by contact with a large volume of deionized water Typically the 
top plate is removed and the polymer solution containing both grafted and ungrafted PES is immers^Tn a laX* 

Jzi times WhiCh C ° ntainS 9rafted thr ° Ugh0Ut " S so,id * washiS deSn 

»t 1 Sri"! * hiswashin 9 P^edure, the membrane is autoclaved in a Tuttnauer 3870 chamber using saturated steam 
at 1 25°C for 50 minutes, washed again, and allowed to dry in air. saiuraieo steam 

The membrane wets instantly with water 

r*JZ !T rtant T ibUte f ° r UF membranes employed to separate molecules in biological media relates to the pro- 
pensity of the membrane surface to bind proteins. It is highly desirable for the membrane surface to biSlas liffle nroteSi 
as poss,ble. Th.s mrfmum protein binding will greatly enhance the membrane s performance P 

m 0 mhJn St t the Pr °? in bif ? inQ characteristics <* a UF membrane, a special cell was constructed which exposes the 
membrane to a prote.n so.ut.on on the upstream side. After being placed agains the protein solution for 4 flours the 

PVW^a^tT ' WaSh ^ t ? i r ° ^ Waten and treat6d Wilh P ° nCeau S ' Si 9™ Chemic2°i st Ss MO 
wh > ?1 f T'" 9 a9ent ' f0 " OW,n9 Standard directions 01 vendor which are incorporated herein by reference 

Z whe^S " !' m PES mSmbrane Wi " remain White * no P rotein ha ^n ab2S but w ttum 

red when proteins are present. Measuring the magenta density with a Macbeth densitometer Model RD 1 ^calibrated 
with a magenta pressroom densitometer color standard was utilized caiiDrated 

Pnn ^ a er ^° Ce ? S ,i n9 With 3 4% bwine serum albumin (BSA) solution, rinsing off excess BSA solution, and staining with 
Ponceau S the following magenta densities were recorded. siammg witn 
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Membrane 


Magenta Density 




Control -( no modification) ~~ ' " 

Example membrane 


0.63 
0.08 




Other Commercial Products: 




30 j 


Millipore PTGC " ' 

Millipore Biomax 10 

Millipore Biomax 5 (polyethesulfone modified with a noniomic hydrophilic polymer) 


0.92 
0.62 
0.68 



Example 5 

a SJh^ * 12 ? PES lH DMS ° SO,Uti0n iS added 0 36 9 rams of N,N'-dimethylacrylamide (DMAD, 

a gi o^Tmir 3 °" ' ^ m< * 9 ' ass p,ate with 

3. The cast dope is covered by another 1/8th inch think borasilicate glass plate 

4. This assembly is passed through a Fusion Systems UV source at 10 feet per minute 

mettanof * ** ™ PES tNn fi ' m iS immereed in a solution of 50% and 50% 

6. The membrane is washed in water and air dried. 



t . I r ^ embrane W6tS ,nstantly wrtn water rt ^" be cycled repeatedly between the wet and dry state with no prewet- 
t,ng procedures. It wets instantly after being in an oven exposed to dry heat at 135 degrees C for 4?hours 
2 y mambrane wetted *»> water a water flux of 20.2 gsfd/psi at a pressure of 25 P si 

w a J J JZST"! d ? P ' ay 3 prominent cart,on y | stretch ' n 9 frequency in the ATR undiminished by extraction with hot 
water Extractables testing gave very low DMAD extractables 

fied Io h ntror braneS ^ '° W ** P ° nC6aU S t6St Ma9enta densi * 0 12 « ".52 for unmodi- 

55 Example 6 

1. The solutions listed in the table below were cast into membranes as described in steps 2.-5 They were auto- 
claved wet, that m. the membranes were kept saturated with water during the autoclave cycle." The menjrani 
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were then air dried and tested. 



Grams of polyethersul- 
fone Radel A200 


Grams of n-butanol 


Grams of N-Methyl Pyr- 
rol idone 


Grams of Dimethylacry- 
lamide 


20 


22.5 


91.5 


6 


18 


22.5 


94.5 


6 


20 


22.5 


85.5 


12 


18 


22.5 


88.5 


12 



2. The dope is spread into a thin film on a 1/16th inch borosilicate glass plate using a cylindrical applicator with a 
15 gap of 3 mils. 

3. The cast dope is covered with another 1/1 6th inch borosilicate glass plate. 

4. The assembly is passed through a Fusion Systems UV source at a line speed of 10 feet per minute. 

5. The top plate is removed and the now grafted PES polymer solution is immersed in 100% water. 

6. After drying the membrane was tested for flux and compared to Biomax 10. Retention testing was done using a 
) 20 solution of 1 gram/liter of Dextran T-40 in pH7 buffer. Previous work has shown that Biomax 10 would have no flux 

if wetted and air dried. 



% A-200 


% DMAD 


Flux gfd/psi (ave of 2 
samples) 


Dextran T-40 passage 
(ave of 2; excludes obvi- 
ous defects) 


20 


4 


1.3 


10.1 


18 


4 


6.6 


17.9 


20 


8 


2.4 


15.4 


18 


8 


12.7 


25.8 


Biomax 10 (not dried) 




-20 


28.4 



35 

Example 7 Modification of Polymer Blend in Solution 

A solution is made by dissolving 1 9 grams of BASF Ultrason E601 0 in 79 grams of a dimethylsulfoxide:normal buta- 
nol (4:1) solution. To this is added 2 grams of polyvinylpyrdlidone K90 and the mixture is stirred to achieve to dissolution 
) 40 of the second polymer. 8.5 grams of the DMAD monomer is now added to this solution and the system is stirred for one 
hour to give a good homogenous solution. 

The monomer/polymer solution is spread out as a thin film using a stainless steel roller with a 5 mil gap onto a boro- 
silicate glass plate which is 1/1 6th thick. This is covered with another plate of the same type glass fitted with silicone 
gaskets to prevent contact of the solution with the top plate. This entire assembly is transported through a Fusions Sys- 
45 terns UV exposure unit having H bulbs situated above and below the convenyance chamber at a line speed of 7.5 feet 
per minute. 

The glass plates filter out shorter wavelength ultraviolet light and prevent excessive UV photochmical degradation 
of the PES. Another beneficial modification of the above procedure is to replace the ambient atmosphere above the film 
of solution with an inert gas atmosphere. This will result in a higher yield of the grafted PES. 
so After exposure, the polymer solution is precipitated by contact with a large volume of deionized water. Typically the 

top plate is removed and the polymer solution containing both grafted and ungrafted PES is immersed in a water bath. 
The now newly formed membrane which contains grafted copolymer throughout its solid structure is washed with deion- 
ized water several times. 

Before drying, the membranes are placed in an autoclave at 125°C for 50 minutes. After air drying, the membranes 
55 are instantly wettable with water. 

The membranes wettability remains instant even after being placed in a dry oven at 135°C for 6 hours. 
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Example 8 
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(NMP) S0 ' Uti0n ^ madS ^ diSS °' vin9 10 grams of Amoco ^00 POlyethersulfone in 40 grams of N-methylpyrrolidone 

vi«t JpfnifT ° f ^ SOlUtiOP iS 3dded 0 27 9rams of the ^drophobic monomer 1,1 dihydroperfluoroctylacr- 
ylate(PFOA). The mixture .swarmed to 40°C and stirred until the monomer is dissolved 

» home!, ^ n °7 er/PO , , r er u N ^ P SOlUti ° n iS Spread 0ut as a thin film usin 9 a 5131(11655 s *eel roller with a 3 mil gap onto 
a boros-hcate glass plate wh.ch is 1/I6th thick. This is covered with another plate of the same type glass fitted with s i 
.cone gaskets to prevent contact of the solution with the top plate. This entire a'ssembly is trantSedtSugh^ Fusions 
tlZ™^ P0S " re ^ 9 H bU ' bS SitUat6d 3b0Ve ^ be ' OW * e conve ^ chanSer at a line speed of Ts 
After exposure, the polymer solution is precipitated with a large volume of isopropylalcohol(IPA) Typically the too 
ptete .s removed and the polymer solution containing both grafted and ungrafted PES is immersed in aMP^ bath The 

r 5 ert ZS ™ * "** te S °' id StruCtUre is with IPAsev 

Control experiments identical to the above procedure but without UV exposure are also conducted and the result- 
mg membranes were anlayzed with the corresponding tests. Analyses performed included infrared specios^py and 
water contact angle measurements. ^ opy am 

20 ^tVTl^ °' ^ t6Ste diSP,ay PSaKS indiCatiVe ° f COP °' ymer S69mentS 01 PFOA 7,1656 ? eak5 were 

t art ^!?T* a . n9 ! eS T-f me T SUred ° n the tOP SUrfece facin9 the 9 asketed 9' ass P |ate - ™« average water con- 

2?SS£ th T !. ' thiS S3me mea5urement 9 ave 1 °<>° *°r the test. This shows the test membranes 

are modified with the new hydrophobic copolymer composition. uwies 

25 Claims 

1 . A porous membrane which is formed of a blend throughout its solid bulk matrix of a polysulfone and a copolymer 
of a polysulfone and a polymerized monomer having polymer segments covalently bonded. 

30 2. The membrane of claim 1 which is a microporous membrane. 
3. The membrane of claim 1 which is an ultrafiltration membrane. 



35 



40 



45 



SO 



55 



4. A porous membrane which is water wettable after being dried and which is formed of a blend throughout its solid 
bulk matrix of a polysulfone and a copolymer of a polysuHbne and a polymerized free radical polymS e mono^ 
mer having polymer segments covalently bonded. puiymenzaae mono 

5 " I^. 6 m f"* rane 1 of one oi CM™ 1. 2, 3 or 4 wherein said polysulfone is selected from the group consisting of 
polysulfone, polyethersulfone. polyphenylsulfone, and mixtures thereof. consisting ot 

6. The membrane of any one of claims 1 , 2, 3 or 4 wherein said monomer is selected from the group consistina of 
acrylic acid and N, N 1 - dimethylacrylamide. 9 * ^ns'snng ° f 

7. The process for forming a porous membrane which comprises: 

forming a solution of a polysulfone and a free radical polymerizable monomer 

expos.ng said solution to ultraviolet light to activate said polysulfone and to form a copolymer composition of 

said polysulfone and polymerized monomer having polymer segments covalently bonded and 

SXir SSParati0n ° f S3id SOluti ° n t0 form a solid P° rous P hase ° f * blend of said polysulfone and said 

8. The process for forming a porous membrane which is water wettable after being dried which conprises: 

forming a solution of ultraviolet activated polysulfone and a free radical polymerizable monomer 
^£22 ^L* 0 Ultravi0l f ,ight to activate 5aid Polysulfone and to form a copolymer composition of 
collet ££%*£T e P0,ymenZed free radical moieties of 5aid having polymeTsegments 

effecting phase separation of said solution to form a solid porous phase of a blend of said polysulfone and said 
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copolymer. 

9. The process of any one of claims 7 or 8 wherein said membrane is a microporous membrane. 
5 10. The process of any one of claims 7 or 8 wherein said membrane is an ultrafiltration membrane. 

11. The process of claim 8 wherein said solid porous phase is autoclaved in the presence of water and then dried. 

1 2. The process of claim 1 1 wherein said solid porous phase is autoclaved at a temperature from about 1 1 5°C to about 
w 125°C for a time between about 30 and about 60 minutes and at a process of between about 15 and 25 psig. 

13. The process of any one of claims 7, or 8 wherein said polysulfone is selected for the group consisting of polyether- 
sulfone, polyphenylsulfone, polysulfone and mixtures thereof. 

rs 14. The process of claim 8 wherein said monomer is selected from the group consisting of acrylic acid and N, N 1 - 
dimethylacrylamide. 

15. The process of any one of claims 7 or 8 wherein said ultraviolet light has a wavelength of between about 290 nm 
and about 400 nm. 

) 20 

1 6. The process of any one of claims 7 or 8 wherein said polysulfone is separated from said copolymer to recover said 
copolymer subsequent to said step of exposing said solution to ultraviolet light and prior to said step of effecting 
phase separation, and 

effecting phase separation of a solution of said copolymer to form a solid porous phase of said copolymer. 

25 

17. The process of claim 16 wherein said polysulfone is selected from the group consisting of poly ethersulf one. 
polysulfone. polyphenylsulfone and mixtures thereof. 

18. The process of claim 16 wherein said monomer is selected from the group consisting of acrylic acid and N, N 1 - 
30 dimethyiacrylamide. 

19. The process of claim 16 wherein said ultraviolet light has a wavelength of between about 290 nm and about 400 
nm. 

35 20. A porous membrane which is formed throughout its solid bulk matrix of a copolymer of a polysulfone and a polym- 
erized free radical monomer. 

21 . A porous membrane which is water wettable after being dried and which is formed throughout its solid bulk matrix 
of a copolymer of a polysulfone and a polymerized free radical polymerized monomer. 

) 40 

22. The membrane of any one of claims 20 or 21 which is a microporous membrane. 

23. The membrane of any one of claims 20 or 21 which is an ultrafiltration membrane. 

45 24. The membrane of any one of claims 20 or 21 wherein said polysulfone is selected from the group consisting of pof- 
yethersulfone, polysulfone, polyphenylsulfone and mixtures thereof. 

25. The porous membrane of any one of claims 4 or 21 having a low protein binding as measured by a magenta density 
after being contacted with Ponceau S magenta of less than about 0.35 units. 

so 

26. The porous membrane of any one of claims 4 or 21 having a low protein binding as measured by a magenta density 
after being contacted with Ponceau S magenta of less than about 0.1 5 units. 
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